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WehavepreviouslyobserevedthatwhenamorphousSe(a-Se)wasexposedtoorganicfluids,thea-Sewastrans‐
fbrmedintoahexagonalSe(h-Se)oranamonoclinicSe(”"２－Se),correspondingtothedielectricconstantoforganic
nuids･Ｉｎｔｈｅｐｒｅｓｅｎｔｓｔｕｄｙｗｅｆｂｕｎｄｔｈａｔｔｈea-Sewasenantioselectivelycrystallizedintotheﾉｂ－Ｓｅｏｒｔｈｅｃｗ"-Seby
beingexposedtochiral2-octanolatroomtemperature;theh-Sewasobtainedin(R)‐(‐)-2-octanol,andthezw"-Sein
(3)-(+)-2-0ctanol・Similarbehaviorswereobservedunderthevaporsof2-octanolaswellasproline・Thisphenomenon
ishardlyexplaine｡,becausetheenantiomershavethesamechemicaIandphysicalpropertieswitheachothe囚except
fOrtheopticalrotation･TheopticalrotationisnotresponsiblMOrthisphenomenon，becausethisphenomenonwas
observedevenintheabsenceoflight･Thephenomenonwasalsoobservedwhenthesamplesofvariousmakerswere
employed,indicatingthattheqMityofthesampleshasnotresponsibilityfbrit・Theoriginisnotclearedyet・Ifthis
phenomenonisintrinsicnatuｒｅｔｏｔhepresentsystem,ｔｈｉｓｃｏｕＩｄｂｅｔｈｅａｎｓｗｅｒｔｏｔｈｅ“Ozmaproblem''proposedby
Gardnel1whichinquiresthewaytocommunicatethemeaningof“leftorright'，onlybyalanguagetothealiens．
Keywords:enantiomer;enantioselectivity;chirality;crystallization;amorphousselenium;hexagonalselenium;monoclinic
selenium;adsorptionoforganicmolecules;secondaryalcohol;2-octanokproline.
1．Introduction
Elementalseleniumhasmanypolymorphs：ａｍｏｒ‐
phous（a-Se)''2)，hexagonal（ortrigonal）
(h-Se)3),αmonoclinic（α邑加-se)4)，βmonoclinic，
Y-monoclinic，rhombohedral，ortholhombic，etc・Ｔｈｅ
ﾙｰSephaseisthemoststablephase，whichcanbe
obtainedbyslowlycoolingmoltenSe・Ｔｈｅａｍ－Ｓｅ
ｐｈａｓｅｉｓｏｂｔａｍｅｄａｓａｍｅｔａstablephasebyevapora‐
tionfiPomCS2solution，andeasilyconvertstothe
h-SephasebywanningBecauseofthehighphoto-
conductivity,theelementalseleniumhasbeenwidely
usedinmanyapplicationssuchasphotocells,xerog‐
raphy,electricalrectifiers,etcTheSeisalsousedfbr
coloringglassesredorreddishyellow・Recentim-
portantuseoftheSeisaｈｉｇｈsensitivecamerambes
usingHARP（High-gainAvalancheRushingamor‐
phousPhotoconductor)imagingdevices5)．
(a） (b）
FigurclCIystalstructuresofSe:（a)hcxagonalselenium
(/z-Se);(b)α色monoclinicselenium(α皀加-Sc)．
Figurelgivesschematiccrystalstructuresofthe
h-Se(a)andtheαしm-Se(b).ThM-Secrystalconsists
ofparallelmfinitechainsofSeatoms，ｗｈｅｒｅＳｅａｔ‐
omsarealTangedinscrew-likespiralsalongthe
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clystallmecaxis3)．Ｔｈｅｃｈａｍｓｃａｎｂｅｒｉｇｈｔ－ｈａｎｄ
ｓｃｒｅｗｓｏrlefi-handscrews,bringmgaboutthechiral‐
ｉｔｙｔｏｔｈｅｃｌｙｓｔａＬＴｈｅａｗｌ－Ｓｅｐｈａseisamolecular
clystal，beingcomposedofbuildingblocksofSe8
moleculesarrangedinacrownshape4).Theh-Seisa
semiconductorandthecw7z-Seaninsulator6)．
Wehavepreviouslyfbundthatthea-Sewascrys-
tallizedintotheh-Seorthea-m-Se,whenexposedto
variousorganicfluidsatroomtemperaturefbrabout
lOdays7,8)．Figure2(a)showstheX-raydmaction
(XRD)patternofthea-SaWhenthea-Sewasex‐
posedtoacetoneliquidatroomtemperaturefbrlO
days,thea-Setransfbrmedtotheh-Se,ａｓｓｈｏｗｎｉｎ
Ｆｉｇ２（b)．Ｔｈｅα-"-Sewascrystallizedfomthe
a-Sembenzeneliquid,asshowninFig2(c)．
Scanningelectronmicroscopy（SEM）ｉｍａｇｅｓｏｆ
ａ－Ｓｅ,ﾉｶｰSeanda-"z-SearegivenmFig3(a),(b)and
(c),respectivelyThea-Sepossessesangularand
irregularmorphology、Inacetone，thea-Sewas
cIystaUizedintomultiplefibroussingleclystalsofthe
ｶｰＳｅｗｉｔｈｃａ・S0umoflengthandca､０.ｌＵｍｏｆｄｉ‐
ameter(Fig.３（b)).Inbenzenethea-Sewastrans‐
fbrmedtothea-腕-Secrystalswithmany-facedpoly‐
hedralmorphologywithmeandiametｅｒｏｆｌＯｕｍ
(Fig.３(c)).Theselectivecrystallizationofthea-Se
wasobservedfbrmanyotherorganicliquidsNore‐
actionoccun･edinwaterThisphenomenonwasalso
observedevenintheabsenceoflight・
Aclearrelationexistsbetweenthetypeofgrown
phaseandthedielectricconstanteoftheorganicfIu‐
ids・Ｔｈｅ/z-Seclystalsweregrownintheliquidswith
an8greaterthanca、４，ｅ､gacetone（ｅ＝20.7)，
methanol（ｅ＝32.63),ethanol(８＝２４５５),acetoni‐
trile（８＝37.5),benzonitrile（８＝25.20),pyridine
(ｇ＝12.3),quinoline(８＝9.00),ａｎｉｌｍｅ(８＝6.89)，
piperidme(８＝5.8),diethylether(８＝4.3),etc､The
a-m-Secrystalsfbrmedintheliquidswithan81ess
thanca､３，ｅ・gbenzene(８＝2.27),hexane(８＝1.89)，
cyclohexane(８＝2.02),toluene(ｅ＝2.38),etc・
MorethanlOOyearsago，Saundersfbundsimilar
selectivecrystallizationofthea-Seinvariousorganic
liquids9).Hisresults,however,aredifferentfiPomours
fbrsomeorganiccompounds，probablybecauseof
thelackofX-raydiffTactionmethodinhisexperi-
mentsHeclaimedthattheprecipitationfi･omtheor‐
ganicsolutioncausesthecrystalgrowthofSeSince
Saunders，work，ｔｈｅｒｅｈａｓｂｅｅｎｎｏｒｅｐｏｒｔｏｎｔｈｉｓ
ｐhenomenonuntilourpublication．
Ｉｎｔｈｉｓｍｅｔｈｏｄｗｅｗｅｒｅａｂｌｅｔｏｏｂｔａｉｎfibrous
clystalsofh-Se、Thesenanowireswerefbundto
showtheelectricalresistivityhighlysensitivetothe
volatileorganicgases,leadingtothedevelopmentof
agassensorcapableofdetectmgvariousorganic
gasesatroomtemperature'0,11)．
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Figure2XRDpattemsofSc:（a)startingamorphousSe
(a-Se);(b)theh-Seobtainedbyexposingthea-Setoace‐
toneatroomtcmperaturefbrlOdays;(c)theα-脚‐Ｓｅｏｂ‐
tainedbyexposingthea-Setobcnzencatroomtempera‐
turefbrlOdays．
amorphous
Se
iｎａｃｅｔ inbenzene
i篝i1iiii騨總
hexagoBRalSe αmolmclinicSe
Figure3SEMimagesofSeparticles;(a),(b)and(c)inthe
figurecorrespondstoFig2（a),(b)ａｎｄ（c),respectively：
(a)thea-Se;(b)the"-Sc;(c)theawz-Se．
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Thepresentreactionstookplaceevenunderthe
vaporsoforganicliquidsorsolids，suggestmgthat
organicfluidsdonotactassolvent,buttheadsorbed
organicmoleculesplayacatalyticrolefbrthecrystal
growthSuchasimationisschematicallyillustrated
mFig4，Ifadsorbedorganicmoleculeshavethe
higherdielectricconstant，ｔｈｅstrongelectrostatic
fieldwouldbelocaUyinducedbytheadsorbedmol‐
eculesonthesurfaceofSeparticles、Suchstrong
electrostaticfieldwouldacttostimulatethecrystal-
lizationofh-Se,becausM-Sehasarelativelyhigh
dielectricconstantalongthecaxis(Ｍｃ＝10-13)'2)．
Inthepresentstudywehaveobservedtheenanti‐
oselectivecrystallizationofthea-Semthepresence
ofchiralorganicmoleculesof2-octanolandprolｍｅ．
(a）
ＨＨＭ
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●
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Figure5Schematicillustrationofexperimentalsetupfbr
thecrystallizationofa-Seinorganicliquid(a),andunder
thcvaporoforganiccompound(b)．
3．Results
3-1CrystaUizationofSeinthepresenceofchiral
secondaryalcohols
Theenantiomericconfigurationofthesecondary
alcoholsisrepresentedmFig6,wheretheasymmet-
riccarbonatomisdesignatedbytheasterisk
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Figure4Schematicillustrationofadsorbedorganicmole‐
culesonthesurfaceofamolphousSe． Ｈ３Ｃ
ＨＯ２．Experiments
TheexperimentalsetupsareillustratedmFi9.5．
Thea-Sepowderwasplacedmtoorganicliquidma
glasscapsule,andwasaUowedtostandatroomtem-
peraturefbracertamperiodoftime(Fig.５(a)).The
a-Seshots(RareMetallicCoLtd,99.9999％ｍｐｕ‐
rity)weregroundintopowderfbnnbyusinganagate
mortar、hordertomvestigatetheenantiomericef
fectsonthecrystallizationofthecJ-Se，theexperi‐
mentswerecalTiedoutusingthechiralsecondaryal‐
coholssuchasthe2-octanol(Sigma-AldrichColpo‐
ratio､,９９％mpurity).Inaddition,thea-Sepowders
wereexposedtothevaporsofchiralolganicliquids
orchiralorganicsolidsasshownmFi９５(b).Ob-
tainedsampleswereanalyzedbyanX-raydifffaction
(XRD)techniqueusmgaRigakuRINT2500mstru‐
memwithCuKqradiation・Themorphologyofthe
sampleswasobservedbySEMusingaJEOL
JXA-8900instrument．
Figure6Enantiomericconfigurationofsecondalyalcohols・
Theasymmetriccarbonatomisdesignatedbythcasterisk
Ｆｉｇｕｒｅ７ｓｈｏｗｓＸＲＤｐａｔｔｅｒｎｓｆｂｒＳｅｏｂtainedby
exposingthea-Setochiralsecondaryalcohols
(2-butanol,Z-pentanoLand2-hexanol)fbrlOdaysat
roomtemperature・ＴｈｅcJ-Sewastransfbrmedintothe
ﾙｰＳｅｆｂｒａｌｌｃａｓｅｓＦｉｇｕｒｅ８ｓｈｏｗｓｔｈｅｒｅsultsfbr
2-heptanol，２－octanoland2-nonanoLInthe
(S)-2-heptanol，ｔｈｅﾙｰSewasdominantlygrown，
whilethereactionwasscarcelyobservedmthe
(R)-2-heptanoLForthe2-octanol，ｔｈｅカーSｅｗａｓ
ｇｒｏｗｎｍｔｈｅ（R)-2-octanolandthecwlT-Seinthe
(5)-2-octanol，bemgoppositetothoseofthe
2-heptanoLForthe2-nonanol,ｔｈｅｃｗ"-Sephasewas
dominantlyobtainedfbrbothenantiomers
Wecarriedouttheexperimentsfbrthe2-heptanol
TsukioOHTANI,KazuakilKEDANorihiroTAKAYAMA,YasuhiroNIsHIDAandYukilYAMA2４
andthe2-octanolfbrlongertime・Figure9shows
XRDpattemsfbrSeobtamedbyexposingthea-Seto
the2-heptanolfbr2yearsatroomtemperature､The
h-Secrystalswereobtainedfbrbothenantiomers、
SEMimagesofcorrespondmgsamplesaregivenin
Fi９．１０；thefibroussinglecrystalsofルーSewere
growniｎ（S)-2-heptanol,ａｎｄtheneedlelikeA-Se
crystalsm（R)-2-heptanoLForthe2-octanol，ｔｈｅ
ｓａｍｅｒｅｓｕｌｔｓｓｈｏｗｎｉｎＦｉｇ８ｗｅｒｅｏbservedafter2
years，whichwillbedescribedinmoredetailinthe
nextsectionForthe2-nonanol,theα-"Z-Sewasob‐
tainedafter2years．
（》漬。，名画）画扇５》員
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Figure9、XRDpatternsofSeobtainedbyexposingthe
a-Setochiral2-heptanolfbr2yearsatroomtemperature．
)-2-bｕｔｍｏｌ
（》這二・豊⑤）ご｛曾婁三
(S)-(+>2-pemtanol
ＦｉｇｕｒｃｌＯＳＥＭｉｍａｇｅｓｏｆＳｅｏｂｔａｉｎｅｄｂycxposingthe
a-Sefbr2yearsatroomtemperatureto(S)-2-heptanol(a）
and(R)-2-heptanol(b)．
､Cｌ
ＯＺＯ４０“lHKb２０４０“８０
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FigUre7・XRDpatternsfbrSeobtainedbyexposingthe
a-SetothesecondaryalcoholsfbrlOdaysatroomtemper‐
aturc:(a)(Sﾘｰ2-butanol,(SﾉｰZ-pentanol,and(SﾘｰZ-hexanol；
(b)㈹-2-butanol,(Rﾉｰ2-pentanol,and(iRﾉｰ2-hcxanoL
3-ZEnantioselectivecrystaIlizatiｏｎｏｆａｍｏｒｐｈｏｕｓ
ＳｅｉｌｌｔｈｅｐｒｅｓｅｎｃｅｏfchiraI2-octanol
FigurellshowsＳＥＭｉｍａｇｅｓｏｆＳｅｃｒｙｓｔａｌｓｏｂ‐
ｔａｍｅｄｍｔｈｅ２－ｏｃｔａｎｏｌｆｂｒｌＯｄａｙｓａｔｒoomtempera-
ture:(a)inthe(S)-2-octanol,(b)ｍthe(R)-2-octanoL
Inthe(S)-2-octanol,thea-Sewasscarcelyreacted，
ｗｈｉｌｅｆibrousandneedlelikecrystalswerｅｇｒｏｗｎｉｎ
(R)-2-octanol,whichareparalleltoXRDobserva-
tionsshownmFig8．
（》這回・曇愚）ご一召の》三
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4０4３ ＦｉｇｕｒｅｌＬＳＥＭｉｍａｇｅｓｏｆＳｅｏｂｔａｉｎｅｄｂyexposingthe
a-Setothe2-octanolfbrlOdaysatroomtemperature:(a）
in(8)-2-octanol,(b)in(R)-2-octanoL
ZＯ0
patternsofSeobtaincdbyexposingｔｈｅFｉｇｕｒｃ８ＸＲＤ
α-Setothechiralsccondaryalcohols(2-heptanoL2-octanol
2-nonanol）fbrlOdaysatroomtemperature：（a）
Sconfiguration,(b)R-configuration．
Ｆｉｇｕｒｅｌ２ｓｈｏｗｓＸＲＤｐａｔｔｅｍｓｏｆＳｅｏｂｔainedby
exposingthea-Setothechiral2-octanolfbr30days．
(a）
－－'し
S)-(+)-2-hept四,０１
_AjLjL～w､－－■■■■
幸■－
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ＴｈｅルーSephasewasalmostcompletelyclystalizedin
(R)-2-octanoLwhilemthe(8)-2-octanolthecrystal‐
lizationwasscarcelyprogressedyeｔＸＲＤｐａｔｔｅｍｓｏｆ
Ｓｅａｆｔｅｒｌ５０ｄａｙｓｏｆｄippingin2-octanolandthe
correspondingSEMimagesareshownmFigs」３
ａｎｄｌ４，respectively・Thecrystallizationofthe
cw"‐Sephaseisprogressedmthe(5)-2-octanoL
（》冨宮ロ』面）昏扇息一屋
（｝旨。．●』句〉鈎扇５一三
(a） (５Ｍ+)-2-octanol
30days
戸国項扇）善曾曾昌
（》賓喜．二局）濁扇息一三
2０ ４０６０
２９(degree）
8０
Figurel5・XRDpatternsofSecrystalsafierexposingthe
a-Setothe2-octanolatroomtemperaturefbr2years:(a)ｉｎ
the(5)-2-octanol,(b)inthe(R)-2-octanoL
２０４０６０８０
２８(degree）
Figurel2XRDpattemsofSeobtainedbyexposingthe
a-Seto(S)-2-octanol(a)and(R)-2-octanol(b)fbr30days
atroomtemperature．
曽冒．Ｐ肩）宮召豊
（】冨弓名呵）ご湯屋９口
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Figurel3・XRDpattemsofSeaftercxposingthea-Sefbr
l50daysto(S)-2-octanol(a)andto(R)-2-octanol(b)．
Ｆｉｇｕｒｅｌ６ＳＥＭｉｍａｇｃｓｏｆＳｅｃｌｙｓｔａｌｓｏbtainedbycxposing
thea-Seto2-octanolfbr2ycars:(a)a-m-Secrystalsinthc
(5)-2-octanol;(b)/z-Seclystalsinthe(R)-2-octanoLiii議鑪iiili薑鑿
鐘慧霧1篝;雲iv…… Ｆｉｇｕｒｅｌ５ｇｉｖｅｓＸＲＤｐａｔｔｅｍｓｆｂｒＳｅｓａmplesob-
tainedbyexposingthea-Setothechiral2-octanolfbr
２years・Ｔｈｅｌａｒｇｅａｍｏｕｎｔｏｆｔｈｅａ－Ｓｅｐｈａｓｅwas
transfbrmedtotheα上腕‐Sephaseinthe(S)-2-octanoL
althoughthea-SephasestillremainsFigurel6
Ｆｉｇｕｒｅｌ４ＳＥＭｉｍａｇｅｓｏｆＳｅ・Thesamplescorrespond
tothosei、Ｆｉｇ．１３．
(わ）
Ｉ
(R)-2-octanol
1５０．
Aｌ
ays
JR」向
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3-3Enantioselectivecrystallizationundertheva-
porsofZ-octanolandproline
Figurel8givesSEMimagesoftheSesamples
obtainedbyexposingthea-Setothevaporsofenan‐
tiomersof2-octanolfbr300daysatroomtempera-
ture､Ｔｈｅｃｗ"-Secrystalsandtheh-Secrystalswere
obtainedunderthevapoｒｏｆｔｈｅ（S)-2-octanoland
(R)-2-octanoLrespectively・Theseresultswereidenti‐
fiedbytheXRDmeasurements，whilethesmall
amountofh-Sephasecoexistswiththemajorityof
cMZ-Sephaseunderthevaporof(S)-2-octanol．
showstheSEMimagesofcorrespondiｎｇｓａｍｐｌｅｓ
ｓｈｏｗｎｍＦｉｇｌ５・Thepolyhedralaとm-Secrystals
weregrownmthe（S)-2-octanol；thesizeofeach
crystalisaboutseverallmindiameter・Themultiple
fibrousA-Secrystalswereobtainedfbrthe
(R)-2-octanol;morethan501LLmlengthandabout0.1
11mdiameter・Theseobservationsoftheenantioselec‐
tivityareparalleltotheXRDpatteｍｓｉｎＦｉｇｌ５・
Ｔｈｅａ－ＳｅｗａｓｔｒａnsfbrmedtotheｶｰSe，whenex-
posedtotheachiral2-octanol
Theseobservationsmaypossiblybecausedbythe
slightdifferenceinthequalitybetweeneachofenaL
tiomers・Wehaveperfmned，thus，theexperiments
usingvariouscombinationsofthea-Seandthe
Z-octanolmadeindifferentmakers：ｔｈｅｃＪ-Se；Sig‐
ma-AldrichCorporation,WakoPureChemicallndus‐
tries,RareMetallicCo.,andNacalaiTesque,Inc.:the
Z-octanol；Sigma-AldrichCorporationandWako
PureChemicalhdustries、Ｆｉｇｕｒｅｌ７ｓｈｏｗｓＸＲＤ
ｐａｔｔｅｒｎｓｏｆＳｅｏｂtainedbyusmgthea-Se（Nacalai
Tesque,IncJandthechiral2-octanol（WakoPure
ChemicalIndustrieS)fbrlOdaysatRTThereaction
wasscarcelyobservedmthe（S)-2-octanoLInthe
(R)-2-octanoltheA-Sephasedominantlyappeared，
accompaniedbyasmallamountoftheαと腕-Sephase
Theseresultsareessentiallyidenticaltotheresults
obtainｅｄｂｙｕｓｉｎｇｔｈｅａ－Ｓｅ(RareMetallicCoLtd.）
andthe2-octanol（Sigma-AldrichColPoration)．In
othercombinationsofstartingsamplesofdifferent
makersthesimilarresultswereobtained．
Figurel8・SEMimagesoftheSeobtaincdbyexposingthe
a-Setothevaporofchiral2-octanolatroomtcmperaturc
fbr300days:(a)in(S)-2-octanol;(b)in(R)-2-octanoL
Theenantioselectivecrystalgrowthwasalsoob-
servedinthevaporofproline､Figurel9givesXRD
patternsofSecrystalsobtamedbyexposmgthe
a-Setothevaporofapairofenantiomersofproline
fbr410days・Figure20exhibitsSEMimagesofSe
crystalscorrespondingtothesamplesgivenin
Figl9：（a）ｉｎｔｈｅＬ－(-)-prolineand（b）ｍｔｈｅ
Ｄ－(+)-prolineTheaLm-SeandルーSecrystalswere
grownfbrthevaporofL-proline，andD-prolina
respectively．
(S)-2-octanol(a）
くこ、
巨
雪 （》富二・二息）画一の扇這『
學冨）昏洞５》星
駒q(Ｉ4０ＳＩＯ２０
(b） (R)-2-octanol
２０４０６０８０
２８(degree）
５２０４０６０８０
２８(degree）
0
Figurel9・XRDpatternsofSecrystalsobtaineｄｂｙｅｘｐｏｓ－
ｉｎｇｔｈｃａ－Ｓｅｔｏｔｈｃｖaporoftheprolinefbr410daysat
roomtemperature:(aル(-)‐proline,(b)Ｄ－(+)-proline．
Figurel7・XRDpatternsofScobtainedbyexposｉｎｇｔｈｅ
ａ－Ｓｅ(NacalaiTbsque,Inc.）tothechiral2-octanol（Wako
PureChemicallndustries)fbrlOdaysatroomtemperature．
2７EnantioselectivecrystallizatioｎｏｆａｍｏｒｐｈｏｕｓＳｅｉｎｔｈｅｐｒｅｓｅｎｃｅｏｆｃhiralorganicmolecules
ditionfbrthepresentenantioselectivecrystalgrowth
Themostnoticeableisthattheclystallizationraｔｅ
ｏｆｔｈｅｃｗ－Ｓｅｉｎｔｈｅ（S)-2-octanolisquiteslow，
comparedwiththatinotherorganicfluidsproducing
thecw"Se，suchasbenzene・Thea-Seseemstobe
almostinerttothe(S)-2-octanoLThiswouldsuggest
thattheelectrostaticfieldmducedbyadsorbed
(S)-2-octanolmoleculesonthesurfaceofthea-Se
particlesiseffectivelysuppressedbysomecauses
Oneofthecauseswouldbethatthealkylchamdirec‐
tionofthe(S)-2-octanolisnotperpendiculartothe
surfaceofthea-Separticles，butparalleltoitThe
otheristhatthemoleculesofthe(s)-2-octanolare
adsorbedmantiparallelmanner・Bothmechanisms
wouldacttodiminishthelocalelectrostaticfieldon
thesurface・Butonecannotexplamwhysuchsitua‐
tionsoccuronlyfbrtheSconfigurationltismore
plausible，thus，thatthea-Sehasanyresponsibility
fbrthisphenomenonTheunknowncrystalstructure
ofthea-Sewouldcorrelatewiththechiralorganic
Huids,causmgthisphenomenon
Themodificationofthea-Seconsistsofacompｌｅｘ
ｃｏｍｂｍａｔｉｏｎｏｆＳｅａｔｏｍｓｆｂｒｍｉｎｇｃhainsandclosed
rmgsltisbelievedthattheshort-rangeordermgof
thechainsissimilartothestructureoｆｈ－Ｓｅａｎｄｔｈｅ
ｒｉｎｇｓｒｅｓｅｍｂｌｅｔｏｔhosemthemonoclinicSer4)．We
recallherethattheカーSehasthechiralityoriginating
h･omthehelicalchamsThisleadsustoconsiderthat
therewouldbeasymmetrybreakmtheh-Selike
chainsexistingintheq-Se,bringingabouttheenan‐
tioselectivecrystallization，withcorrelatingtothe
chiralorganicmolecules・ＷｅｈａｖｅｃalTiedout,thus，
thefbllowingexammations，fbcusingonthecarefUl
preparationsofthea-Se．
Figure20SEMimagesofcw形Secrystals・Figs.（a)ａｎｄ
(b)corrcspondtoFigl9(a)and(b),respectively．
ｌｔｉｓｔｏｂｅｉｎｔｅｒｅｓｔｅｄｔｈａｔｔｈｅｃｈｉｒａlprolineis
usedasanenantioselectiveorganocatalyst，which
worksasthechiralcatalystiｎａｎＡｌｄｏｌｒｅａｃ‐
tionl3)，althoughthemechanismisdiffbrent
fromthatofthepresentreactions・
ItwassometimesobservedthattheかＳｅａｎｄｔｈｅ
ｃｗ"Seclystalsweregrownunderthevapｏｒｏｆ
(+)‐camphorand(-)-camphoMespectivelyTheen‐
antioselectivitywasnotobservedinunderthevapors
ofchiralorganiｃｓｏｌｉｄｓｓｕｃｈａｓａｓｐarticacid,alanine，
serme,menthoLtartaricacid,galactose,limonene,
Noe，sreagent，etc・Theawo-Seclystalswereob-
tamedmallcases．
4．Discussion
Thea-Sewasobservedtoshowtheenantioselec‐
tivecrystallizationbybeingexposedtothechiral
Z-octanolatroomtemperaturaThesimilarenanti‐
oselectivecrystallizationwasobservedundertheva-
porsofchiral2-octanolaswellaschiralprolmeThe
originofthisphenomenonisquitehardlyexplained，
becausetheenantiomershavethesamechemicaland
physicalpropertieswitheachother，exceptfbrthe
opticalrotationThisphenomenonwasalsoobserved
intheabsenceoflight,indicatingthattheopticalro‐
tationisexcludedffomthecandidateoftheorigin
Asmentionedabove,ｔｈｅｋｉｎｄｏｆｇｒｏｗｎｐｈａｓｅｄｅ‐
pendsonthedielectricconstanteoftheorganicmol‐
eculesThestrongelectrostaticfieldlocallyinduced
bytheadsorbedorganicmoleculesonthesurfaceof
a-Secouldstimulatethecrystallizationoftheh-Se
phasehavmgthehigherevalueThe8valueofthe
secondarｙａｌｃｏｈｏｌｉｓ16.72,13.20,11.06,9.25,7.80,
and666fbr2-butanol,Z-pentanoL2-hexanol,
2-heptanol，２－octanoland2-nonanol，respectively
The8valueof780ofthe2-octanolissituatednear
theborderofthecriterionfbrcrystalgｒｏｗｔｈｏｆｔｈｅ
ﾙｰＳｅｏｒｔｈｅｃｗ?z-Se・Thiscouldbethenecessarycon‐
[Preparationofthea-SebyquenchingthemoltenSe］
ThepresentXRDmeasurementsrevealedthatthe
conmerciala-Sepossessestheamorphousmodifica‐
tionButthecommercialsampleswouldcontainan
unknowncharacteristicstructure,ｂｅｃａｕｓｅｗｅａｒｅｎｏｔ
ａｂｌｅｔｏｋｎｏｗｔｈｅｐｒeparationmethodofthemWe
prepared,thus,theamolphousSebyquenchingmoｌ－
ｔｅｎＳｅ(thestartingSe:RareMetallicCo.,Ltd.)けｏｍ
６７３Ｋｔｏ２７３Ｋ・Usingthisa-Se，wecalTiedoutthe
experimentsfbrthechiral2-octanoLFigure21shoｗｓ
ＸＲＤｐａｔｔｅｒｎｓｏｆＳｅｏｂｔａｉｎｅｄｂｙｅｘｐosingthepre‐
pareda-Setothe2-octanol(Sigma-AldrichColpora‐
tion)fbrlOOdaysatroomtemperature,Althoughthe
2８ TsukioOHTANLKazuakilKEDA,NorihiroTAKAYAMA,YasuhiroNIsHIDAandYukilYAMA
α-"-Sephasecoexistswiththeh-Sepｈａｓｅｆｂｒｔｈｅ
(5)‐Z-octanoLtheresultsareessentiallysimilarto
thoseobtamedbyusingthecommerciala-Se・These
resultsshowthatthepresentenantioselectivecrystal‐
lizationdoesnotdependonthesamplepreparation
processes．
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Figure22・XRDpattemsofSeobtainedbyexposingthe
a-Seto2-octanolfbr66days,wherethea-Sewasmilledin
anagatemortarclockwise(a),andcounterclockwise(b)．
《嚢邑旬・曇幽甸》舜鐘頓面⑰》■】
［Isthisphenomenonananswertothe“Ozmaprob‐
lem"?］
Ifthepresentphenomenonistrulyintrinsicnature
tothissystem，wehaveobtainedthenewmeansto
distinguishthechiralityoforganiccompoundswith-
outobservationequipment・Inadditionwecan
communicatetheconceptofrightorlefttoanyper‐
sononlybyalanguage､Gardnerproposedthe“Ozma
problem,，，whichasksthewaytoconnnunicatethe
meaningof"leftorright，，onlybyalanguagetothe
alienslivinginfarawayspace17)．Thisproblemwas
solvedbytheobservationsofnon-preservationofthe
paritymtheβdecayofCo6oatoms18).Thisistheso‐
lutionbythephysics・Thepresentobservationofen‐
antiosectivitywouldbetheanswertothisproblem
丘omthefieldofchemistry､Wecaninfbnnthealiens
theexactconceptoftheleftasfbllows.“Exposethe
amolphousSetoeachofenantiomersof2-octanoL
andobservetheopticalrotationofthechiral
2-octanol，whichproducedthehexagonalSeThe
observedrotationdirectionistheleft.，，
Thecomnunicationtothealienswouldbealso
possiblemthefbllowingcaseJfthestartingenanti-
omersofthe2-octanol(orproline)andthea-Seare
wellidentifiedmcludingpossiblyexistingimpurities，
thepresentobservationscanbealwaysreproducedJf
thealiensareinfbrmedofthesamepreparationpro‐
cessesof2-octanol(orproline)anda-Seasours,they
canknowtheexactconceptofrightorleftonlybya
languageffomus・Thedetailedpreparationmethodof
presentorganiccompoundsshouldbeneededagain
０２０繍鰯８０
２“degH忠勤
Figure2LXRDpatternsofSeobtainedbyexposingthc
a-Seto2-octanolfbrlOOdaysatRnusingthea-Sepre‐
parcdbyqucnchingthemoltenSefroｍ６７３Ｋｔｏ２７３Ｋ．
[Effectsofmillingturndirectionofthea-Se］
Inthepresentstudyweobtainedthepowdered
a-SebyclockwisemillmgoftheSeshotsusingan
agatemortarｂｙｈａｎｄ・Theonedirectionofthemill‐
ｉｎｇｍｎｗｏｕｌｄｂｒｅａｋｔｈｅｓｙｍｍｅｔｒｙofh-Selike
chainsexistinginｔｈｅａ－ＳｅＴｈｅｓｙｍｍｅｔｌｙｂｒｅａｋｍｇ
ｂｙｏnedirectionofstirringwasobservedmaqueous
solutionofNaClO315''6)．Weground，thus，thea-Se
shotsclockwiseorcounterclockwisemtheagate
mortar、Ｆｉｇｕｒｅ２２ｓｈｏｗｓＸＲＤｐａｔｔｅｒｎｓｏｆＳｅｏｂ‐
tainedbyexposingthea-Setothechiral2-octanolfbr
66daysatroomtemperature，wherethea-Sewas
previouslymilledintheagatemortarclockwise(a)，
andcounterclockwise(b)．Inbothdirectionsofturn
thesameresultswereobtamed；ｔｈｅαと腕‐Secrystals
wereobtamedmthe(S)-2-octanolandtheh-Secrys‐
talsinthe(R)-2-octanoL
Asaresult,ｗｅｗｅｒｅｎｏｔａｂｌｅｔｏｆｉｎｄｔｈｅｏｒｉｇｉｎｏｆ
thepresentenantioselectivecrystallizationofa-Se
Sincewecannotknowthedetailedpreparatiｏｎpro‐
cessesofenantiomersof2-ocmolandproline，there
stiUremainsthepossibilitythattheenantiomersof
theseorganiccompoundsareslightlydifferentmthe
qualitywitheachotherうcausingtheenantioselective
clystallizationItisquitenecessaryfbrustoknow
theprecisepreparatio、ｍｅthodsoftheenantiomersof
2-octanolandproline．
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